Numerical calculations are employed to study the modulation of light by surface acoustic waves (SAWs) in photonic band gap (PBG) structures. The on/off contrast ratio in a PBG switch based on an optical cavity is determined as a function of the SAW-induced dielectric modulation. We show that these structures exhibit high contrast ratios even for moderate acousto-optic coupling.
has additional advantages. 2, 3 High-frequency SAWs with large acoustic power densities can be easily generated by inter-digital transducers (IDT) on piezoelectric materials such as
GaAs. Since the fabrication of the IDTs employs conventional semiconductor technologies, on-chip integration to active devices becomes possible.
In this letter, we propose a design that combines SAWs with an optical cavity inserted in an asymmetric Bragg mirror to modulate an incident light beam through the AO effect.
When Bragg mirrors with high-contrast dielectric materials are used, the band gap in the light energy dispersion is large, while the 'defect' states introduced in the gap by the cavity have a narrow energy distribution. Because of the strong localization of the electromagnetic field, the AO interaction becomes significantly enhanced in the cavity region, thus resulting in high dielectric modulation. Recently, an optical modulator based on the optical Stark effect in a GaAs cavity has been demonstrated 4 to yield a ratio of transmitted intensity in the 'on' state to that in the 'off' state, known as the contrast ratio (CR), of 5. We show that higher CRs can also be achieved with modest acoustic power in a SAW-based optical modulator.
In photonic band gap (PBG) crystals, such as Bragg mirrors, a structural modulation is used to create a periodic change in the refractive index (and, consequently, in the dielectric function). 5 This periodicity is comparable to the light wavelength. When a SAW with a wavelength λ s much longer than the periodicity of the underlying PBG structure propagates across the structure, an additional time-dependent periodicity is superimposed on its dielectric function, as shown in Fig. 1 . The solution to Maxwell's equations has to include the effects of both the short-and the long-range periodicities. We have extended the mathematically rigorous transfer matrix (TM) method 6−8 to the case where the unit cell in the direction of light propagation is a multiple of λ s and the dielectric function varies with the SAW frequency ω s . When light of frequency ω 0 >>ω s impinges on the PBG material, the transmission and reflection take place through channels of frequencies (ω 0 ±m ω s ) with m = 0, 1, 2, . . .. 9 In the present calculations, we neglected the modes with m ≥ 2. The size of the transmission and reflection matrices in the TM approach becomes, in this case, three times as large as that for a bare PBG structure (i.e., in the absence of a SAW). Care has been taken to remove numerical instability arising on account of the increase in the number of forward steps and in the matrix dimensions. The method has been found to be stable even for structures containing as much as 300 PBG unit cells in a SAW wavelength. The details of this calculational procedure will be published elsewhere.
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For ease of fabrication, we considered thin and planar structures, which can be grown with the current molecular-beam-epitaxy (MBE) technology. The composition and thickness of the layers as well as the total size of the layer stack were varied so as to enhance the interaction between light of wavelength of 940 nm and a SAW with λ s = 5.6 µm. The electric field concentration in the cavity is crucial for the enhancement of AO interaction.
We found that the modulation is the largest when the cavity is placed close to, but not exactly at the center of the Bragg mirror structure. One possible structure is shown in Fig. 1 . It is a 40-period asymmetric Bragg structure with a GaAs cavity near the center.
The first 21 periods are alternating AlAs and GaAs layers with thicknesses of 76.9 nm and 65.5 nm, respectively, followed by the 142.4 nm-thick GaAs cavity and the second mirror, which has 18 periods with the same composition as the first Bragg mirror. This structure exhibits a forbidden gap of 117 nm (from 865 nm to 983 nm), as shown in the spectrum of its transmission coefficient in Fig. 2 . The cavity states are located near 940 nm and have a full width at half maximum (FWHM) of about 0.5 nm. Although this design is for operation near 940 nm, the structure can be easily scaled for other operation frequencies.
In our calculations, we assumed that the SAW creates a sinusoidal modulation of the dielectric constant, as shown in Fig. 1 , with a peak value for the relative modulation of the dielectric function ∆ǫ/ǫ = 6 × 10 −4 . From calculations of the SAW strain field, we determined that these dielectric modulation levels can be generated in GaAs/AlAs multilayers by conventional IDTs excited with a 500 MHz radio-frequency power of 20 mW. In Fig. 3 , consequently, longer interaction paths will be needed to ensure wave vector conservation.
For shorter switches, such as the one based on the one-dimensional Bragg stack, it is clear that one has to work in a band with extremely small dispersion in order to achieve large light modulation efficiencies.
The major advantages of the optical switch proposed here are the potentially very high on/off CRs, sub-µs switching times, and extremely small sizes. The frequency tunability (selection of ω 0 ) is limited to a sub-nm range defined by the cavity states. If more cavity states are introduced to increase the energy width and the tunability range, the strength of the AO interaction will be reduced. The latter may be compensated by increasing the number of layer stacks. The growth of high-quality Bragg mirrors by MBE, however, is restricted to a maximum stack thickness of a few microns.
In conclusion, we have used an extended version of the TM approach to calculate the changes in the transmission spectra induced by SAWs in PBG crystals. We show that a large modulation of light can be achieved in a one-dimensional Bragg stack with a cavity. 
